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WRITE HEAD WITH ALL METALLIC 
LAMINATED POLE PIECES WITH 
THICKNESS DIFFERENTIAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a Write head With all 

metallic laminated pole pieces and, more particularly, to 
such a Write head Wherein alternate ferromagnetic ?lms in 
each pole piece have at least partial ?uX closure for mini 
miZing domain Walls in the pole pieces and increasing a 
frequency response of the Write head. 

2. Description of the Related Art 
The heart of a computer is a magnetic disk drive Which 

includes a rotating magnetic disk, a slider that has read and 
Write heads, a suspension arm above the rotating disk and an 
actuator arm that sWings the suspension arm to place the 
read and Write heads over selected circular tracks on the 
rotating disk. The suspension arm biases the slider into 
contact With the surface of the disk When the disk is not 
rotating but, When the disk rotates, air is sWirled by the 
rotating disk adjacent an air bearing surface (ABS) of the 
slider causing the slider to ride on an air bearing a slight 
distance from the surface of the rotating disk. When the 
slider rides on the air bearing the Write and read heads are 
employed for Writing magnetic impressions to and reading 
magnetic signal ?elds from the rotating disk. The read and 
Write heads are connected to processing circuitry that oper 
ates according to a computer program to implement the 
Writing and reading functions. 
A Write head typically employs ferromagnetic ?rst and 

second pole pieces Which are capable of carrying ?uX 
signals for the purpose of Writing magnetic impressions into 
a track on a magnetic medium, such as a rotating magnetic 
disk. Each of the ?rst and second pole pieces has a yoke 
region Which is located betWeen a pole tip region and a back 
gap region. The pole tip region is located at the ABS and the 
back gap region is spaced from the pole tip region at a 
recessed location Within the Write head. At least one coil 
layer is embedded in an insulation stack Which is located 
betWeen the ?rst and second pole pieces in the yoke region. 
A nonmagnetic Write gap layer is located betWeen the pole 
tip regions of the ?rst and second pole pieces. The thinner 
the thickness of the Write gap layer, the greater the number 
of bits the Write head can Write into the track of a rotating 
magnetic disk. The ?rst and second pole pieces are mag 
netically connected at the back gap. Processing circuitry 
digitally energiZes the Write coil Which induces ?uX into the 
?rst and second pole pieces so that ?uX signals bridge across 
the Write gap at the ABS to Write the aforementioned 
magnetic impressions or bits into the track of the rotating 
disk. The second pole piece has a second pole piece yoke (P2 
yoke) Which is magnetically connected to the second pole tip 
(P2 tip) and eXtends to the back gap for connection to the 
?rst pole piece. 
A Write head is typically rated by its areal density Which 

is a product of its linear bit density and its track Width 
density. The linear bit density is the number of bits Which 
can be Written per linear inch along the track of a rotating 
magnetic disk and the track Width density is the number of 
tracks that can be Written per inch along a radius of the 
rotating magnetic disk. The linear bit density is quanti?ed as 
bits per inch (BPI) and the track Width density is quanti?ed 
as tracks per inch (TPI). As discussed hereinabove, the linear 
bit density depends upon the thickness of the Write gap layer. 
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2 
The track Width density is directly dependent upon the Width 
of the second pole tip at the ABS. Efforts over the years to 
increase the areal density of Write heads have resulted in 
computer storage capacities increasing from kilobytes to 
megabytes to gigabytes. 
The ?rst and second pole pieces are typically fabricated 

by frame plating. Photoresist is employed to provide the 
frame and a seed layer is employed to provide a return path 
for the plating operation. A typical sequence for fabricating 
a pole piece is to sputter clean the Wafer, sputter deposit a 
seed layer, such as nickel iron, on the Wafer, spin a layer of 
photoresist on the Wafer, light-image the photoresist layer 
through a mask to eXpose areas of the photoresist that are to 
be removed (assuming that the photoresist is a positive 
photoresist), develop the photoresist to remove the light 
eXposed areas to provide an opening in the photoresist and 
then plate the pole piece in the opening up to a desired 
height. 
The magnetic moment of each pole piece is parallel to the 

ABS and to the major planes of the layers of the Write head. 
When a Write current is applied to the coil of the Write head 
the magnetic moment rotates toWard or aWay from the ABS, 
depending upon Whether the Write signal is positive or 
negative. When the magnetic moment is rotated from the 
parallel position, magnetic ?uX fringes across the Write gap 
layer betWeen the ?rst and second pole pieces impressing a 
positive or negative bit in the track of a rotating magnetic 
disk. Assuming a disk rotation suf?cient to provide the 
aforementioned air bearing and a particular Write signal 
frequency, the aforementioned linear bit density can be 
calculated. As the Write current frequency is increased, the 
linear bit density is also increased. An increase in the linear 
bit density is desirable in order to increase the aforemen 
tioned areal density Which provides a computer With 
increased storage capacity. Unfortunately, the Write current 
density is limited by the domain Walls in the ?rst and second 
pole pieces. Because of the energy required to move the 
domain Walls around, the domain Walls reduce the Write time 
of the ?uX Within the pole pieces in response to the Write 
current frequency. Accordingly, the domain Walls lessen the 
amount of ?uX that bridges betWeen the Write gap and 
reduces the strength of the magnetic impression into the 
track of the rotating magnetic disk. This can be corrected in 
tWo Ways. First, the Write current frequency can be 
decreased and/or the Write current can be increased. 
Unfortunately, a decrease in the Write current frequency 
results in a decrease in the linear bit density of the Write 
head, and an increase in the amount of Write current 
increases the generation of heat Within the Write head. An 
increase in the heat of the Write head can destroy the delicate 
read sensor and/or cause one or more layers to protrude at 
the ABS due to expansion of the insulation stack. 

SUMMARY OF THE INVENTION 

The present invention overcomes the aforementioned 
problem by making the ?rst and second pole pieces a 
lamination of alternate ferromagnetic and nonmagnetic 
metal ?lms. Each nonmagnetic metal ?lm causes an anti 
ferromagnetic coupling betWeen ferromagnetic ?lms adja 
cent thereto so that the adjacent ferromagnetic ?lms are 
antiparallel exchange coupled for at least partial ?uX closure 
therebetWeen. In a preferred embodiment, each nonmagnetic 
?lm is composed of ruthenium (Ru) and each ferromagnetic 
?lm is composed of nickel iron (NiFe). It is important that 
each nonmagnetic ?lm be sufficiently thin so as to cause the 
antiferromagnetic coupling betWeen the adjacent ferromag 
netic ?lms. This thickness is preferably in a range from 5 A 
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to 20 Further, it is important that the adjacent ferromag 
netic ?lms have a thickness differential so that there is a 
uniaxial anisotropy HK to position the magnetic moment of 
the pole piece parallel to the ABS and the major planes of 
layers of the Write head. The present invention enables the 
HK to be set at a desired amount so that each pole piece is 
highly responsive to the Write current signal. Further, the 
invention enables the ferromagnetic and nonmagnetic metal 
?lms of each pole piece to be formed by plating or sputter 
ing. 

Other objects and attendant advantages of the invention 
Will be appreciated upon reading the folloWing description 
taken together With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan vieW of an exemplary prior art magnetic 
disk drive; 

FIG. 2 is an end vieW of a prior art slider With a magnetic 
head of the disk drive as seen in plane 2—2 of FIG. 1; 

FIG. 3 is an elevation vieW of the prior art magnetic disk 
drive Wherein multiple disks and magnetic heads are 
employed; 

FIG. 4 is an isometric illustration of an exemplary prior 
art suspension system for supporting the slider and magnetic 
head; 

FIG. 5 is an ABS vieW of the magnetic head taken along 
plane 5—5 of FIG. 2; 

FIG. 6 is a partial vieW of the slider and a prior art merged 
magnetic head as seen in plane 6—6 of FIG. 2; 

FIG. 7 is a partial ABS vieW of the slider taken along 
plane 7—7 of FIG. 6 to shoW the read and Write elements of 
the magnetic head; 

FIG. 8 is a vieW taken along plane 8—8 of FIG. 6 With all 
material above the coil layer and leads removed; 

FIG. 9 is an isometric illustration of a front portion of the 
second pole piece layer 94 in FIG. 6; and 

FIG. 10 is a transverse cross-section taken through FIG. 
9. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Magnetic Disk Drive 

Referring noW to the draWings Wherein like reference 
numerals designate like or similar parts throughout the 
several vieWs, FIGS. 1—3 illustrate a magnetic disk drive 30. 
The drive 30 includes a spindle 32 that supports and rotates 
a magnetic disk 34. The spindle 32 is rotated by a spindle 
motor 36 that is controlled by a motor controller 38. A slider 
42 has a combined read and Write magnetic head 40 and is 
supported by a suspension 44 and actuator arm 46 that is 
rotatably positioned by an actuator 47. Aplurality of disks, 
sliders and suspensions may be employed in a large capacity 
direct access storage device (DASD) as shoWn in FIG. 3. 
The suspension 44 and actuator arm 46 are moved by the 
actuator 47 to position the slider 42 so that the magnetic 
head 40 is in a transducing relationship With a surface of the 
magnetic disk 34. When the disk 34 is rotated by the spindle 
motor 36 the slider is supported on a thin (typically, 0.05 
pm) cushion of air (air bearing) betWeen the surface of the 
disk 34 and the air bearing surface (ABS) 48. The magnetic 
head 40 may then be employed for Writing information to 
multiple circular tracks on the surface of the disk 34, as Well 
as for reading information therefrom. Processing circuitry 
50 exchanges signals, representing such information, With 
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4 
the head 40, provides spindle motor drive signals for rotating 
the magnetic disk 34, and provides control signals to the 
actuator for moving the slider to various tracks. In FIG. 4 the 
slider 42 is shoWn mounted to a suspension 44. The com 
ponents described hereinabove may be mounted on a frame 
54 of a housing 55, as shoWn in FIG. 3. 

FIG. 5 is an ABS vieW of the slider 42 and the magnetic 
head 40. The slider has a center rail 56 that supports the 
magnetic head 40, and side rails 58 and 60. The rails 56, 58 
and 60 extend from a cross rail 62. With respect to rotation 
of the magnetic disk 34, the cross rail 62 is at a leading edge 
64 of the slider and the magnetic head 40 is at a trailing edge 
66 of the slider. 

FIG. 6 is a side cross-sectional elevation vieW of a merged 
magnetic head 40, Which includes a Write head portion 70 
and a read head portion 72, the read head portion employing 
a dual spin valve sensor 74 of the present invention. FIG. 7 
is an ABS vieW of FIG. 6. The spin valve sensor 74 is 
sandWiched betWeen nonmagnetic electrically insulative 
?rst and second read gap layers 76 and 78, and the read gap 
layers are sandWiched betWeen ferromagnetic ?rst and sec 
ond shield layers 80 and 82. In response to external magnetic 
?elds, the resistance of the spin valve sensor 74 changes. A 
sense current I S conducted through the sensor causes these 
resistance changes to be manifested as potential changes. 
These potential changes are then processed as readback 
signals by the processing circuitry 50 shoWn in FIG. 3. 
The Write head portion 70 of the magnetic head 40 

includes a coil layer 84 sandWiched betWeen ?rst and second 
insulation layers 86 and 88. A third insulation layer 90 may 
be employed for planariZing the head to eliminate ripples in 
the second insulation layer caused by the coil layer 84. The 
?rst, second and third insulation layers are referred to in the 
art as an “insulation stac ”. The coil layer 84 and the ?rst, 
second and third insulation layers 86, 88 and 90 are sand 
Wiched betWeen ?rst and second pole piece layers 92 and 94. 
The ?rst and second pole piece layers 92 and 94 are 
magnetically coupled at a back gap 96 and have ?rst and 
second pole tips 98 and 100 Which are separated by a Write 
gap layer 102 at the ABS. Since the second shield layer 82 
and the ?rst pole piece layer 92 are a common layer this head 
is knoWn as a merged head. In a piggyback head the second 
shield layer and the ?rst pole piece layer are separate layers 
Which are separated by a nonmagnetic layer. As shoWn in 
FIGS. 2 and 4, ?rst and second solder connections 104 and 
106 connect leads from the spin valve sensor 74 to leads 112 
and 114 on the suspension 44, and third and fourth solder 
connections 116 and 118 connect leads 120 and 122 from the 
coil 84 (see FIG. 8) to leads 124 and 126 on the suspension. 

The Invention 

FIG. 9 illustrates an enlarged front portion of the second 
pole piece layer 94 Which is a lamination of alternate 
ferromagnetic and nonmagnetic metal ?lms 200 and 202, 
respectively. Each nonmagnetic metal ?lm, such as ?lm 204, 
causes an antiferromagnetic coupling betWeen ferromag 
netic ?lms 206 and 208 adjacent thereto. This causes the 
adjacent ferromagnetic ?lms 206 and 208 to be antiparallel 
exchange coupled so that there is at least partial ?ux closure 
therebetWeen. As shoWn in FIGS. 9 and 10, the ferromag 
netic ?lm 208 has magnetic ?ux 210 exiting one end and 
entering one end of the ferromagnetic ?lm 206, and the 
ferromagnetic ?lm 206 has magnetic ?ux 212 exiting a 
second end and entering a second end of the ferromagnetic 
?lm 208. This is the partial ?ux closure referred to herein 
above. The ferromagnetic ?lm 208 has partial ?ux closure 
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With the ferromagnetic ?lm immediately thereabove and so 
on to the top of the pole piece layer. This partial ?ux closure 
reduces the demagnetiZing (demag) ?elds of the ferromag 
netic ?lms so that domain Walls Within the ferromagnetic 
?lms are minimiZed. Antiparallel coupling is fully 
described in US. Pat. No. 5,465,185 Which is incorporated 
by reference herein. 

The nonmagnetic ?lms 202 must be suf?ciently thin so as 
to implement the antiferromagnetic coupling ?eld betWeen 
the ferromagnetic ?lms. Apreferred material for each of the 
nonmagnetic ?lms 202 is ruthenium (Ru), and a preferred 
thickness range of the ruthenium is 5 A to 20 A. Apreferred 
material for each of the ferromagnetic ?lms 200 is nickel 
iron (Ni83Fe17). It is required that there be a differential 
thickness betWeen adjacent ferromagnetic ?lms, such as 
adjacent ferromagnetic ?lms 206 and 208, in order to 
establish a desired uniaxial anisotropy HK. If the HK is too 
high the magnetic moment of the pole piece layer is too stiff 
to respond readily to Write coil signals and if it is too loW it 
Will not be stable in its position parallel to the ABS. The 
uniaxial anisotropy HK of adjacent layers, such as adjacent 
layers 206 and 208, is determined by the folloWing formula: 

wherein HK1 and HK2 are the uniaxial anisotropies of the 
ferromagnetic ?lms 206 and 208, and t1, and t2 are the 
thicknesses of the ferromagnetic ?lms 206 and 208. A 
preferred differential thickness is from 50 A to 100 The 
differential thickness shoWn in FIGS. 9 and 10 is 50 In 
any embodiment the differential thickness should be at least 
10 It should be noted that the differential thickness sets 
the uniaxial anisotropy HK. Since there is a differential 
thickness, there is some demagnetiZing ?eld remaining in 
the ferromagnetic ?lms. HoWever, the antiparallel coupling 
?eld betWeen the layers is stronger than the remaining 
demagnetiZing ?eld Which stabiliZes the magnetic moment 
of the pole piece layer. With the antiparallel exchange 
coupling betWeen the ferromagnetic ?lms a single domain 
structure can be obtained for each pole piece layer. In a 
preferred embodiment, both of the pole piece layers 92 and 
94 are laminated according to the present invention. 

It should be understood that FIGS. 9 and 10 only illustrate 
a small number of the laminated ?lms that Would be 
employed in an actual pole piece layer. Since a pole piece 
layer is typically about 1 pm thick, about 40 adjacent 
ferromagnetic ?lms Would be employed, assuming the thick 
ness of the adjacent ferromagnetic ?lms and the nonmag 
netic ?lm therebetWeen is about 250 While not preferred, 
it should be understood that other materials may be substi 
tuted for the nonmagnetic ?lms such as copper (Cu), 
rhodium (Rh) and osmium (Os). Alternatively, a combina 
tion of ruthenium and osmium may be employed, such as 
ruthenium osmium (Ru8OOs20) or (RuSOOsSO). 

Clearly, other embodiments and modi?cations of this 
invention Will occur readily to those of ordinary skill in the 
art in vieW of these teachings. Therefore, this invention is to 
be limited only by the folloWing claims, Which include all 
such embodiments and modi?cations When vieWed in con 
junction With the above speci?cation and accompanying 
draWings. 

I claim: 
1. A magnetic Write head having an air bearing surface 

(ABS), comprising: 
ferromagnetic ?rst and second pole piece layers that have 

a yoke portion located betWeen a pole tip portion and 
a back gap portion; 

a nonmagnetic Write gap layer located betWeen the pole 
tip portions of the ?rst and second pole piece layers; 
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6 
an insulation stack With at least one coil layer embedded 

therein located betWeen the yoke portions of the ?rst 
and second pole piece layers; 

the ?rst and second pole piece layers being connected at 
their back gap portions; 

at least one of the ?rst and second pole piece layers being 
a lamination of alternate ferromagnetic and nonmag 
netic metal ?lms; 

each nonmagnetic metal ?lm causing an antiferromag 
netic coupling betWeen ferromagnetic ?lms adjacent 
thereto so that the adjacent ferromagnetic ?lms are 
antiparallel exchange coupled for at least partial ?ux 
closure therebetWeen; and 

said adjacent ferromagnetic ?lms having a thickness 
differential of at least 10 

2. A magnetic Write head as claimed in claim 1 Wherein 
each nonmagnetic ?lm is composed of ruthenium (Ru). 

3. A magnetic Write head as claimed in claim 1 Wherein 
each ferromagnetic ?lm is composed of nickel iron (NiFe). 

4. A magnetic Write head as claimed in claim 1 Wherein 
each nonmagnetic ?lm has a thickness from 5 A to 20 

5. A magnetic Write head as claimed in claim 4 Wherein 
each nonmagnetic ?lm is composed of ruthenium (Ru) and 
each ferromagnetic ?lm is composed of nickel iron (NiFe). 

6. A magnetic head assembly having an air bearing 
surface (ABS), comprising: 

a Write head including: 
ferromagnetic ?rst and second pole piece layers that 

have a yoke portion located betWeen a pole tip 
portion and a back gap portion; 

a nonmagnetic Write gap layer located betWeen the pole 
tip portions of the ?rst and second pole piece layers; 

an insulation stack With at least one coil layer embed 
ded therein located betWeen the yoke portions of the 
?rst and second pole piece layers; 

the ?rst and second pole piece layers being connected 
at their back gap portions; 

at least one of the ?rst and second pole piece layers 
being a lamination of alternate ferromagnetic and 
nonmagnetic metal ?lms; 

each nonmagnetic metal ?lm causing an antiferromag 
netic coupling betWeen ferromagnetic ?lms adjacent 
thereto so that the adjacent ferromagnetic ?lms are 
antiparallel exchange coupled for at least partial ?ux 
closure therebetWeen; 

said adjacent ferromagnetic ?lms having a thickness 
differential of at least 10 A; 

a read head including: 
a read sensor; 
nonmagnetic electrically nonconductive ?rst and sec 

ond read gap layers; 
the read sensor being located betWeen the ?rst and 

second read gap layers; 
a ferromagnetic ?rst shield layer; and 
the ?rst and second read gap layers being located 

betWeen the ?rst shield layer and the ?rst pole piece 
layer. 

7. A magnetic head assembly as claimed in claim 6 
Wherein each nonmagnetic ?lm is composed of ruthenium 
(Ru) and each ferromagnetic ?lm is composed of nickel iron 
(NiFe). 

8. A magnetic head assembly as claimed in claim 6 
wherein each nonmagnetic ?lm has a thickness from 5 A to 
20 A. 

9. A magnetic head assembly as claimed in claim 8 
Wherein each nonmagnetic ?lm is composed of ruthenium 
(Ru) and each ferromagnetic ?lm is composed of nickel iron 
(NiFe). 
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10. Amagnetic disk drive including at least one magnetic 
head assembly that has an air bearing surface (ABS) and that 
includes a Write head and a read head, comprising: 

a Write head including: 
ferromagnetic ?rst and second pole piece layers that 

have a yoke portion located betWeen a pole tip 
portion and a back gap portion; 

a nonmagnetic Write gap layer located betWeen the pole 
tip portions of the ?rst and second pole piece layers; 

an insulation stack With at least one coil layer embed 
ded therein located betWeen the yoke portions of the 
?rst and second pole piece layers; 

the ?rst and second pole piece layers being connected 
at their back gap portions; 

at least one of the ?rst and second pole piece layers 
being a lamination of alternate ferromagnetic and 
nonmagnetic metal ?lms; 

each nonmagnetic metal ?lm causing an antiferromag 
netic coupling betWeen ferromagnetic ?lms adjacent 
thereto so that the adjacent ferromagnetic ?lms are 
antiparallel eXchange coupled for at least partial ?uX 
closure therebetWeen; and 

said adjacent ferromagnetic o?lms having a thickness 
differential of at least 10 A; 

a read head including: 
a read sensor; 
nonmagnetic electrically nonconductive ?rst and sec 

ond read gap layers; 
the read sensor being located betWeen the ?rst and 

second read gap layers; 
a ferromagnetic ?rst shield layer; and 
the ?rst and second read gap layers being located 

betWeen the ?rst shield layer and the ?rst pole piece 
layer; 

a housing; 
a magnetic disk rotatably supported in the housing; 
a support mounted in the housing for supporting the 

magnetic head assembly With said ABS facing the 
magnetic disk so that the magnetic head assembly is in 
a transducing relationship With the magnetic disk; 

a spindle motor for rotating the magnetic disk; 
an actuator positioning means connected to the support 

for moving the magnetic head assembly to multiple 
positions With respect to said magnetic disk; and 

a processor connected to the magnetic head assembly, to 
the spindle motor and to the actuator for exchanging 
signals With the magnetic head assembly, for control 
ling movement of the magnetic disk and for controlling 
the position of the magnetic head assembly. 

11. A magnetic disk drive as claimed in claim 10 Wherein 
each nonmagnetic ?lm is composed of ruthenium (Ru) and 
each ferromagnetic ?lm is composed of nickel iron (NiFe). 

12. Amagnetic disk drive as claimed in claim 010 wherein 
each nonmagnetic ?lm has a thickness from 5 A to 20 A. 

13. A magnetic disk drive as claimed in claim Wherein 
each nonmagnetic ?lm is composed of ruthenium (Ru) and 
each ferromagnetic ?lm is composed of nickel iron (NiFe). 

14. A method of magnetic Write head comprising the steps 
of: 

forming ferromagnetic ?rst and second pole piece layers 
in pole tip, yoke and back gap regions Wherein the yoke 
region is located betWeen the pole tip and back gap 
regions; 

forming a nonmagnetic electrically nonconductive Write 
gap layer betWeen the ?rst and second pole piece layers 
in the pole tip region; 

forming an insulation stack With at least one coil layer 
embedded therein betWeen the ?rst and second pole 
piece layers in the yoke region; 
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8 
connecting the ?rst and pole piece layers at said back gap 

region; 
forming at least one of the ?rst and second pole piece 

layers as a lamination of alternate ferromagnetic and 
nonmagnetic metal ?lms; 

forming each nonmagnetic metal ?lm so as to cause an 
antiferromagnetic coupling betWeen ferromagnetic 
?lms adjacent thereto so that the adjacent ferromag 
netic ?lms are antiparallel exchange coupled for at least 
partial ?uX closure therebetWeen; and 

forming said adjacent ferromagnetic ?lms With a thick 
ness differential of at least 10 

15. A method as claimed in claim 14 Wherein each 
nonmagnetic ?lm is formed of ruthenium (Ru). 

16. A method as claimed in claim 14 Wherein each 
ferromagnetic ?lm is formed of nickel iron (NiFe). 

17. A method as claimed in claim 14 Wherein each 
nonmagnetic ?lm is formed With a thickness from 5 A to 20 

18. A method as claimed in claim 17 Wherein each 
nonmagnetic ?lm is formed of ruthenium (Ru) and each 
ferromagnetic ?lm is formed of nickel iron (NiFe). 

19. Amethod of making magnetic head assembly that has 
an air bearing surface (ABS), comprising the steps of: 
making a Write head including the steps of: 

forming ferromagnetic ?rst and second pole piece 
layers in pole tip, yoke and back gap regions Wherein 
the yoke region is located betWeen the pole tip and 
back gap regions; 

forming a nonmagnetic electrically nonconductive 
Write gap layer betWeen the ?rst and second pole 
piece layers in the pole tip region; 

forming an insulation stack With at least one coil layer 
embedded therein betWeen the ?rst and second pole 
piece layers in the yoke region; 

connecting the ?rst and pole piece layers at said back 
gap region; 

forming at least one of the ?rst and second pole piece 
layers as a lamination of alternate ferromagnetic and 
nonmagnetic metal ?lms; 

forming each nonmagnetic metal ?lm so as to cause an 
antiferromagnetic coupling betWeen ferromagnetic 
?lms adjacent thereto so that the adjacent ferromag 
netic ?lms are antiparallel eXchange coupled for at 
least partial ?uX closure therebetWeen; and 

forming said adjacent ferromagnetic ?lms With a thick 
ness differential of at least 10 A; 

making a read head including the steps of: 
forming nonmagnetic electrically nonconductive ?rst 

and second read gap layers; 
forming a read sensor betWeen the ?rst and second read 

gap layers; and 
forming the ?rst and second read gap layers betWeen 

the ?rst shield layer and the ?rst pole piece layer. 
20. A method as claimed in claim 19 Wherein each 

nonmagnetic ?lm is formed of ruthenium (Ru). 
21. A method as claimed in claim 19 Wherein each 

ferromagnetic ?lm is formed of nickel iron (NiFe). 
22. A method as claimed in claim 19 Wherein each 

nonmagnetic ?lm is formed With a thickness from 5 A to 20 

'23. A method as claimed in claim 22 Wherein each 
nonmagnetic ?lm is formed of ruthenium (Ru) and each 
ferromagnetic ?lm is formed of nickel iron (NiFe). 

* * * * * 
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